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TED NO. NACA 2349 
By Richard P. White 

SUMMARY 


Spin tests of a -scale model of the Chance -Vaught XF5U-1 airplane 

have "been performed in the Langley 20-foot free-spinning tunnel. The 
effect of control position and movement upon the erect and inverted spin 
and recovery characteristics as well as the effects of propellers, of 
stability flaps, and of various revisions to the design configuration 
have been determined for the normal fighter loading. The investigation 

also included snin-recovery— parachute, tumbling, and pilot-escape tests. 

r 

For the original design configuration, with or without windmilling 
propellers, the. recovery characteristics of the model were considered 
unsatisfactory. Increasing' the maximum upward deflection of the ailavators 
from 45° to 65° resulted in greatly Improved recovery characteristics. 

Dimensional revisions to the original airplane configuration, which 
satisfactorily improved the general spin and recovery characteristics of , 
the model, consisted of: (l) a supplementary vertical tail 3^ inches by 
59 inches (full-scale) attached to a boom 80 inches aft of the trailing 
edge of the airplane in the plane of symmetry, (2) a large semispan under— 
surface spoiler placed along the airplane quarter-chord line and opened 
on the outboard side in a spin, or (3) two additional vertical tails 
64 inches by 52 inches (full-scale) located at the tips of the ailavators. 

A satisfactory parachute arrangement for emergency spin recovery 
from demonstration spins was found to be an arrangement consisting of a 
13.3-foot parachute attached by a 30-foot towline to the arresting gear 
mast on the airplane and opened simultaneously with an 8-foot parachute 
on the outboard end of the wing attached by a 3—: foot tcwline. Tests 
indicated that pilot escape from a spin would be extremely hazardous 
unless the pilot Is mechanically ejected from the cockpit. 

Model tumbling tests Indicated that the airplane would not tumble. 

Restriction/Classification Cancelled Ulxv_/L_riOOirit.L/ 


2 


HACA EM No. L7I23 


USTBCDUCTION 

Spin tests have "been performed on a — scale model .of the Chance 

Vought XF50-1 airplane- in the Langley 20-foot free-spinning tunnel as 
requested by the Bureau of Aeronautics, Navy Department. This airplane 
which is a single— place twin-tail flying-^wing fighter has an almost 
circular plan form and is equipped with large twin propellers, one 
mounted at each wing tip. Longitudinal and lateral control are combined 
in all-movable horizontal tails known as "ailavators . " 

A ——scale model of the prototype of the subject airplane designated 

16 

the Vought-Sikorsky V— 173 kad previously been tested in the Langley 15— foot 
free— spinning tunnel (reference l) . The XFJO-l airplane is different 
from the V— 173 airplane previously tested in weight and in design of the 
horizontal tails. 

The current program included tests simulating only the normal fighter 
loading of the XupU-l airplane , It was felt that the effect of variations 
in wing loading and moments of inertia on the spin and recovery char- 
acteristics of this design, could be determined from the test results pre- 
sented in reference 1 for the prototype airplane. 

Erect and inverted spins were performed to determine the effect of 
maximum and intermediate control settings on the, spin and recovery char- 
acteristics of the model, landing gear retracted. Additional tests were 
made to evaluate the effect on spin and recovery characteristics of 
various dimensional, revisions to the model configuration, as well as the 
effect of the propellers and the stability flaps, and also to determine 
the parachute requirements for emergency recovery from demonstration spins. 
Tumbling and pilot-escape tests completed the program. 


SYMBOIS 


b 

S 

c 

c 


x/c 


wing span, feet 

wing area, square feet 

mean aerodynamic chord, inches 

root chord (chord of airfoil section at plane of 
symmetry) , inches 

ratio of distance of center of gravity rearward of 
leading edge of mean aerodynamic chard to mean 
aerodynamic chord 
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z/c 


m 

V V I Z 


mb 2 



P 

*1 


A 


2 


B_ 



ratio of distance "between center of gravity and 
thrust line to mean aerodynamic chord (positive 
when center of gravity is "below thrust line) 

mass of airplane, slugs 

moments of inertia about X—, Y— , and Z— body axes, 
respectively, slug-feet 2 


inertia yawing-moment parameter 


inertia rolling-moment parameter 


inertia pitching-moment parameter 


air density, slugs per cubic foot 

relative density of airplane (m/pSb) 

vertical angle made by towline of wing-tip parachute 
(angle is measured positive above thrust line), 
degrees 

vertical angle made by towline of parachute attached at 
arresting gear mast (angle is measured positive above 
thrust line), degrees 

angle made in chordal plane by tawline of wing-tip 
parachute (in right spin,angle is measured positive 
to right of plane parallel to plane of syianetry), 
degrees 

angle made in chordal plane by towline of parachute 
attached to arresting gear mast (in right spin, angle 
is measured positive to right of plane of symmetry), 
degrees 
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k • 


V a 


0 

V 

a full-scale angular velocity at out spin axis, revolutions 

per second 

a helix angle, angle between flight path and vertical 

(for this model, the average absolute value of * 
the helix angle was approximately 1 °) , degrees 

p approximate angle of sideslip at center of gravity, 

(sideslip is inward when inner wing is down by an 
amount greater than the helix angle), degrees 


APPARATUS AMD METHODS 

J Model 

• The — scale model of the Chance Yought Jli'pU-l airplane was furnished 

16 

by the Bureau of Aeronautics, Navy Department. It was checked for dimen- 
sional accuracy and -prepared for testing at the Langley Laboratory. The 
model complete with propellers is represented in the three— view drawing . 
of figure 1 and photographs of 'the model as tested, with and without pro- 
pellers, are shown in figure 2 . The respective dimensional character- 
istics of the XF 5 U -1 and the V — 173 airplanes are listed in table I and 
graphically compared in figure 3 . 

The propellers were interconnected and rotated in opposite directions, 
rotation being upward in the center. Each propeller had four blades, and 
each set of two opposite blades was constructed to allow a longitudinal 
flapping motion of —10° as a unit. The model propellers were allowed to 
windmill during the propeller-on tests. During the propeller-off tests, 
the propeller assemblies were replaced with a dummy hub without blades. 

The model and propeller assemblies were ballasted by means of lead 
weights to obtain dynamic similarity to the full-scale airplane at an 
altitude of 15,000 feet (p = 0.001^96 slug/cu ft). Interchangeability 
between the propeller assemblies and the set of dummy hubs was afforded 
* v ' by ballasting the dummy hubs to simulate the weight distribution of the 


angle between thrust line and vertical (approximately 
equal to absolute angle of attack at plane of 
symmetry), degrees 

angle between span axis and horizontal, degrees 
full-scale true rate of descent, feet per second 
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hubs containing the propellers . A •jg —scale dunany pilot vas also 

ballasted to represent a 6-foot man and a parachute (200 lb) at 
15,000 feet fear pilotr-escape tests. 

Mechanical movement of the controls* opening of the parachutes, and 
the simulation of pilot escape were accomplished by means of a remote- 
control mechanism installed in the model. 

The leading .edge of each fin was offset 2° outboard of' the model 
center line to conform to the full-scale vertical— tail configuration. 


Wind Tunnel and Testing Technique 

The tests, were performed in the Langley 20-foot free-spinning tunnel 
which is similar in operation to the Langley 15-foot free— spinning tunnel 
described in reference 2, except that the model— launching technique has 
been changed. With the controls set in the desired positions, the model 
is hand— launched with rotation into the vertically rising air stream. 

After a number of turns in the established spin, recovery is attempted by 
moving one or more controls by means of the remote— control mechanism. 

Upon recovering from a spin, the model dives into the safety net from 
whence it is retrieved. The spin data obtained from these tests are then 
converted to corresponding full-scale values by the methods described in 
reference 2. Figure ^(a) is a photograph of the model, without propellers, 
freely spinning in the Langley 20-foot free— spinning tunnel. 

It became apparent after a few initial attempts to spin the model 
freely with the propellers installed that little progress could be made 
because of the frequency with which the model propellers became damaged 
when the model landed in the safety net. To expedite the testing with 
propeller installed, an apparatus was devised to support the model in the 
tunnel. This apparatus consisted of a nylon line attached at one end to 
the top net in the tunnel from whence it passed through a fixed steel 
ring 10 inches in diameter. The other end vas attached to a uni versa! 

Joint (fig. 5) located on the upper surface of the model above the center 
of gravity to allow the model freedom of motion about three axes. The 
steel ring restricted lateral motion of the model, preventing contact 
with the' tunnel wall. 

When the suspension apparatus was being used, the technique differed 
from that described previously for the free-spinning tests only in that 
it eliminated, the hand launching. The model, suspended In the middle of 
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the tunnel on the end of the nylon line, was gently pushed hy means of a 
long pole to initiate its rotation. The tunnel airspeed was then 
increased until the spinning motion wAs established. Figure U(b) shows 
the model, propellers installed, spinning on this apparatus. 

In accordance with standard spin-tunnel methods, tests were performed 
to determine the spin and recovery characteristics of the model for the 
normal— control configuration for spinning (stick longitudinally hack and 
laterally neutral, rudder full with the spin) and for various other 
neutral, intermediate, and maximum longitudinal and lateral stick 
positions, Eecovery from these spins was generally attempted -by rapid 
reversal of the rudders from full with to full against the spin. Tests 
were also performed to obtain the spin and recovery characteristics of 
the model for what is referred to as the "criterion spin" to evaluate ' 
the possible adverse effects of smai 1 control deviations from the normal— 
control configuration far spinning. For these tests, the ailavators were 
set at a position simulating that existing when the stick is two— thirds 
full back in conjunction with the lateral positions of both one— third 
with and one-third against the spin (stick right in right spin and stick 
left in right spin) . For this model, lateral stick settings of both with 
and against were used because it was not readily apparent which direction 
would be adverse. Recovery from this’, the criterion spin, was attempted 
by rapidly reversing the rudders from full with to only two— thirds agains.t 
the spin. 

The turns for recovery were measured from the time the controls were 
moved or the parachute opened to the time the spin rotation ceased. The 
recovery characteristics of a model are considered satisfactory if 
recovery from the criterion spin requires no more than 2^ turns. 

For recovery attempts in which the model struck the safety net 
before recovery could be effected, because of the wandering or oscillatory 
nature of the spin or because of an unusually high rate of descent, the 
number of turns from the time the controls were moved to the time the 
model struck the safety net were recorded. This number indicates that 
the model required more turns to recover from the spin than shown a% for 
example, >3- A > 3 — turn recovery, however, does not necessarily indicate 
an improvement over a >7— turn recovery. The symbol °° is used on the 
charts to indicate that recovery required more than 10 turns. For a 
condition in which the model recovered without movement of the controls 
after .having been launched in a spinning attitude with the controls set 
for a spin, the result is recorded on the charts as "no spin." 

The testing technique for determining the optimum size of and towline 
length for spin-recovery parachutes is described in reference 3 • 
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For the present tests, the model was launched into the tunnel with the 
rudders set full with the spin. In general, the steady— spin control 
settings were maintained, recovery being attempted by the action of one 
tail parachute or a combination of tail— and wing-tip parachutes, but 
fear several tests, the ailavators were moved and a tail parachute opened 
simultaneously. The several parachute-attachment locations tested on 
the model included one suggested by the contractor. The two most prac- 
tical and therefore most thoroughly investigated consisted of: (1) a 
tail parachute attached to the arresting gear mast (that suggested by 
contractor, fig. 6) j and (2) a combination including (1) and a parachute 
attached to the outboard end of the wing at the quarter-chord line. The 
parachutes were instal l ed, while packed, on the upper surface of the 
model near their attachment locations and in such a manner as not to 
affect the steady spin until opened. It is recommended, however, that 
for full-scale parachute installations the parachutes be packed within 
the airplane structure with provision for positive ejection. The para- 
chutes used for the model tests were of the flat circular type. The 
drag coefficient based on the laid— out flat area was approximately 0.7. 

To determine the susceptibility of the model to tumbling, two 
methods of launching the model were employed. "It was either released 
from a nose-up position to simulate a whip stall or was given an* Initial, 
pitching rotation about a lateral axis. The resulting motion was 
recorded by means of a camera, if* a modej. can not be made to tumble by 
either of the two launching methods described above, it is considered 
incapable. of tumbling. 

For the pilot— escape tests, the dummy pilot was released from the 
Inboard side (right side in a right spin) and the outboard side of the 
model at the cockpit when the model was in typical flat and typical steep 
spins. 


PRECISION 


The model test results are believed to be accurate within the follow- 
ing limits: 

. ±. 1 

. ±1 

±5 

± 2 

j —l/k turn when obtained from film 

1 ±-l/2 turn when obtained visually 


a, degree ...» 
0, degree .... 
V, percent .... 
fl 9 percent . . . . 

Turns for recovery: 
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The preceding limits may have been exceeded far certain spins in 
which it was difficult to control the model in the tunnel because of the 
high rate of descent or because of the wandering or oscillatory nature of 
the spin. 

Comparison between spin results of airplanes and their representative 
scale models (references 2 and 4) indicates that spin-tunnel results are 
not always in complete agreement with the results of full-scale spinning. 

In general, the models spin ag somewhat smaller angles of attack with 
higher rates of descent and 5 to 10° more outward sideslip than their 
full-scale counterparts. The comparison made in reference 4 showed that 
80 percent of the model recovery tests predicted satisfactorily the number 
of turns required for recovery from the corresponding airplanes while . 

10 rer cent underestimated and 10 percent overestimated the number of turns 
required . 

The results of tests made on the suspension apparatus are of question- 
able exactness and are not published In detail in this paper. These 
results are considered of only qualitative value and are so discussed 
herein- 

Because of the impracticability of exact ballasting of the model and 
because of inadvertent damage to the model during the tests, the measured 
weight and mass distribution of the model varies from the true scaled- 
down values by the following amounts: 


Weight, percent 

Center-of— gravity location, percent c 
I^, percent 

1^, percent 

I z , percent 


. . 0 to 3 high 
0 to 1 rearward 
. . 2 to 3 high 

4 low to 4. hlgjh 

• • » • 3 high 


The accuracy of measuring the weight and mass distribution is 
believed to - be within the following limits : 


Weight, percent ^1 

Center-of— gravity location, percent c... -±1 

Moments of inertia, percent ^5 


The controls were set with an accuracy of — 1 . 


• r 



* 


* 
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TEST CONDITIONS 


As mentioned earlier, spin tests of the scale model of the 

XF5U-1 airplane were limited to those far a simulation of the normal 
fighter loading. The mass characteristics and inertia parameters for the 
normal loading, and for other possible loadings of the airplane, and for 
the normal loading as simulated on the model (converted to full-scale 
values) are given in table II. The inertia parameters far the possible 
loadings of the XF5U-1 airplane and far the loadings tested on the 
ZF 51 J -1 airplane and Y — 173 models are plotted in figure 7 . 


The normal maximum control deflections for the model vere obtained 
from information furnished by Chance Vought. As previously indicated, 
the rolling and pitching controls are combined in one surface called an 
allavatar. The normal angular deflections are given in figure 8 which 
indicated that for pure longitudinal stick travel from full back to full 
forward the corresponding maximum ailavator deflections are h? up and 
15° down. Displacing the stick laterally affects the ailavator setting 
differentially, thereby creating effectively an aileron setting. Maximum 
lateral displacement of the stick causes, in this manner, a surface 
Incidence differential of —10° or, in other words, with the stick in one of 
the two maximum lateral positions, a total incidence difference of 20° 
exists between the respective chord lines of the left and right ailavators. 
When the stick is moved forward or backward while in this lateral position 
the elevator setting only is affected, the total angular differential of 
20° being maintained. The rudders were deflected normally ^25°. 


All lateral and longitudinal control deflections will be given in 
this paper in the form of stick position which when referred to figure 8 
may be transposed to give the actual setting of each ailavator. 

Intermediate control positions tested were as follows: 

Stick laterally one— half against the spin 

Stick laterally one— third with the spin or one— third against the Spin 
Stick laterally one— fourth against the spin 


Stick longitudinally two-thirds back 


Rudders deflected two-thirds 



A series of tests were also performed for two up— elevator settings 
exceeding the design maximum up-elevator deflections of 45°. These two 
settings vere 65 ° and 85 °. For these tests. It was assumed that gull 
lateral stick movement caused the same differential change of —10 that 
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occurred with normal stick— tack deflection. The two corresponding inter- 
mediate stick— back positions (stick, longitudinally two— thirds back) 
tested for the criterion-spin control configuration used with each of the 


two modified' maximum deflections were k 3 ^ (for 65 ) 56^ (for 85* 


) 


The stability flap deflection tested was 25 °* the angle of flap 
deflection being measured between the thrust center line and the flap chord 
line. 


Four propeller pitch angles measured at 0.75 radius of the blade were 
used and included 10°, 30°, 60° f and 90°. For these tests the propellers 
were allowed to windmill. 

V. 

For all the tests reported herein, the landing gear was retracted, 
as was previously mentioned, and the cockpit was closed. 


RESULTS AND DISCUSSION 


Results of tests made with the model freely spinning are presented 
i in terms of full-scale values far the airplane at an altitude of 

15,000 feet in charts 1 to k and in tables III to V. Inasmuch as the 
initial tests of the model without propellers yielded similar results 
* for both right and left erect spins, most of the tests were arbitrarily 

performed with the model spinning only to the right. 


Norma] Loading, Propellers Off 

The results of left and right erect spins with the model in the 
normal fighter loading, landing gear retracted (condition 1 on table II 
and fig. 7 ), are presented in chart 1 . With the controls set for the 
normal— control configuration for spinning (stick back and laterally 
neutral, rudder full with the spin), two conditions appeared to be possi- 
ble} one condition a "no spin" and, the other condition a spin with a 
satisfactory recovery. The tendency for the spinning condition to per- 
sist was indicated, however, as slight control deviations from the normal- 
control configuration (criterion-spin settings) caused two types of spin, 
and recovery could not be obtained by rudder reversal from the flatter 
spin. Similarly, poor recoveries were obtained from spins in which flat 
attitudes and extreme wandering motions were characteristic when the stick 
was laterally against the spin and either neutral or forward longitudi- 
nally. The rudders were ineffective in spins at these last— mentioned 

*• 
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control configurations and the model continued to spin following rudder 
reversal. Unsatisfactory spin-recovery characteristics were also 
indicated when the stick was longitudinally back and laterally with the 
spin. The optimum control positions appeared to be stick longitudinally 
full back and laterally full against the spin (condition for "no spin"), 
or stick longitudinally full forward and laterally with the spin. 

Recover* ee attempted by simultaneous reversal of both rudders and movement 
of the stick full back and laterally full against the spin, however, were 
not considered satisfactory because of the time required following the 
control movement for the model to go from the flat spinning attitude to 
the steep attitude of the no-spin condition (chart l) . 

As noted previously, it was found that a no-spin condition persisted 
when the stick was full back and laterally full against the spin, but that 
when the stick' waB laterally full with the spin, no recovery could be 
obtained for this stick— back position. Baaed on these results it appeared 
that the outboard ailavator (left ailavator in a right spin) had to have 
a minimum upward deflection of 55° to produce the no-spin condition 
obtained for the previously mentioned optimum control position in which 
the stick was full back and laterally full against the spin. In order to 
improve the spin-recovery characteristics of all spins with full-back 
stick, the maximum longitudinal control setting was increased to 65 ° up 
with a resultant minimum upward deflection of the outboard ailavator for 
any lateral stick position (stick full back) of 55°. The respective up- 
ailavator deflections then became 55° and 75° at either one of the two 
maximum lateral stick positions when the stick was held full back. A 
second revised maximum longitudinal control deflection tested gave 
ailavator deflections of 75° and 95° at either of the two maximum lateral 
stick positions. The results of these tests are given in table HI. It 
is apparent that these larger longitudinal control deflections were 
decidedly beneficial, resulting in no-spin conditions for the stick— back 
control configuration. 

With the ailavators completely removed, it was found that the model 
would not spin. 


Effect of Eropellers 

Using the suspension apparatus previously described, spin tests were 
carried out to determine the effect of windmilling propellers on the 
spin and recovery characteristics of the model and to select the optimum 
propeller— blade pitch angle. Comparison of results obtained for the four- 
blade angles of 10°, 30°, 60°, and 90° showed that 3 O 0 was the opt imum 
propeller pitch angle from a spin-recovery viewpoint. Brief free- 
spinning tests were then perf conned at several control conf i gurations with 
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the propellers set at a. pitch of 30 . The results of these tests, vhich 
are presented in chart 2 , reveal that the characteristically flat spin 
from vhich recovery is unsatisfactory still exists, the spins and 
recoveries, in general, being very similar to those obtained vithout 
propellers. It seems, therefore, that no appreciable improvement in the 
recovery characteristics can be expected from vindmilling propellers in 
a" spin of this airplane. 


Inverted Spins 

Hie results of inverted spin tests performed for three control con- 
figurations on the model, propellers removed, and with the model rotating 
to the pilot* s right are given iA chart 3» The order used for presenting 
the data for inverted spins is different from that used for erect spins. 
For Inverted spins, controls crossed for the established spin" (right 
rudder pedal forward and stick to pilot*s left for a spin to pilot*s 
right) is presented to the right of the chart and stick longitudinally 
forward at the top of the chart. When the controls are crossed in the 
established inverted spin, the ailavators aid the rolling motion; when 
the controls are together, the ailavators oppose the rolling motion. The 
angle of wing tilt $ on the chart is given as up or down relative to the 
ground. 

Spinning in an inverted attitude, the model demonstrated a spinning 
motion similar to that exhibited for the erect spins for the control con- 
figurations tested. Eecoveries from these Inverted spins were also poor 
as shown in chart 3 . Based on the model spin tests the Inverted spin- 
recovery characteristics of the airplane are expected to be unsatisfactory . 


Recommended Recovery Technique 

It is advised that the airplane In its present design configuration 
be prohibited from any intentional spinning; however. In case of inadver- 
tent spins, the following control technique for recovery is recommended: 

Erect spins .— The stick must be set and held full back and laterally 

full against the spin before the rudder is reversed. Rudder reversal must 
be rapid and complete. This control configuration should then be main- 
tained until the spinning rotation has ceased; the stick should then be 
neutralized laterally and pushed forward of neutral longitudinally to 
regain normal unstalled flight. If after 5 turns the rotation has not 
stopped, hold rudder full against the spin and push the stick forward and 
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laterally vith the spin. 'When the airplane has become unstalled, care 
should be exercised to prohibit any excessive rates of acceleration vhich 
may be coincident vith the ensuing dive. 

Inverted spins To effect optimum recovery from inverted spins, the 

stick should be moved full forward and laterally in the same sense as the 
steady— spin rudder (controls together) immediately upon entering the spin; 
the rudder should then be reversed br i skly to full against the^ spin 
holding the stick at the prescribed position until recovery is" obtained. 
Ab in the case of erect spins, if the airplane becomes unstained, care 
should be taken .to prohibit any excessive rates of acceleration possibly 
coincident vith the ensuing dive. 


Dimensional Revisions to the Design Configuration 

The results of free— spinning tunnel tests made on the model vith 
propellers removed for various dimensional revisions designed to improve 
the recovery characteristics of the model are presented in table IV. 
Drawings of the dimensional revisions tested are shown in figures 9 
to lk. 


Inasmuch as it was recognized that any improvement to the spin- 
recovery characteristics was dependent upon the elimination of the 
characteristically flat spin, the primary objective of these tests was to 
determine only the modifications necessary to prevent spins in the flat 
attitude. Accordingly, most of the tests were performed for Just one 
control configuration, stick longitudinally neutral and laterally against 
the spin, known to consistently produce the flat— type spin. 

The results of tests of those revisions which had. no effect on the 
flat spin are given in section A, table 17. The results of tests of 
revisions vhich, although influencing the spin beneficially to some extent 
were not considered as satisfactory, are presented in section B. These 
revisions included such devices as slots on the leading edges of both 
ailavators, spoilers on the upper surfaces of both ailavators, and 
longitudinal fences on the upper and lover surfaces of the airplane wing 
plan form proper. 

The results of tests 6f revisions that eliminated the flat spin and 
satisfactorily improved the spin and recovery characteristics are pre- 
sented in section C of table 17. These revisions were: (l) a supple- 
mentary vertical tail 3k inches by 59 inches (full-scale) located 
80 inches rearward of the airplane trailing edge in the plane of symmetry 
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(supplementary tail 2, fig. 9); or (2) a large semispan undersurface 
spoiler placed along the quarter chord and deflected downward 90 ° to 
the chord on the outboard side in a spin (spoiler 4, fig. 11 } ; or (3) 
two large vertical fins 6k inches by 52 inches (full-scale) located at 
the ailavator tips (vertical fin 7* fig. 10) • For this last revision, 
it was found that arbitrarily fixing 1 6 inches of the rearward parts of 
both vertical fins 20° against the spin, to simulate antispin rudders, 
produced a no-spin condition, the spin rotation damping out rapidly 
(within 3 turns) after the launching (table 17} . The no-spin condition 
still prevailed whether these simulated rudders were set at neutral or 
10° with the spin, but the number of turns required before the spinning 
rotation ceased was definitely greater (reaching as much as 15 turns) 
than those for the condition in which the rudders were set against the 
spin. 


Spin-Recovery Parachutes 


The results of. the spin-recovery parachute tests, propellers off, 
are given in table V sections (a) and 'b) and the method used to define 
the towline angles is shown in figure 15. The results presented in sec- 
tion (a) are for one parachute attached to the arresting gear mast. The 
results show that, although narachutes as large as l6 and 20 feet in 
diameter (full-scale) were used, poor recoveries were obtained from the 
flat criterion so in (stick longitudinally tfro— thirds back and laterally 
either one— third with the spin or against the spin) and for the flat spin 
existent when the stick is longitudinally neutral and laterally against 
the spin. 

It was requested by the contractor that specific tests be performed 
to. determine the effect of opening a tail parachute while simultaneously 
moving the stick longitudinally back and laterally against the spin, a 
control configuration which had previously yielded a no-spin condition. 

The tests were made using a l6-foot (full-scale) parachute attached to 
the arresting gear mast by a 30-foot (full-scale) towline. The ailavator s 
were set to represent a stick configuration of neutral longitudinally 
and against the spin laterally, to produce a flat spin prior to the 
recovery attempt. The results of these tests which appear in table 7 
section (a) indicate that recovery could not be effected by this technique 

within 2j^ turns. This recovery technique therefore is not expected to 
give satisfactory recovery on the airplane. 
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The results presented in section (b) of table V indicate that a 
13 . 3 -foot (full-scale) parachute attached by a 30 -foot (full-scale) 
towline to the arresting gear mast when opened simultaneously with an 
8 -foot (full-scale) parachute attached to the outboard end of the wing 
at the quarter-chard line by either a very short towline (3 feet in 
length, full-scale) or no towline at all gave satisfactory recovery from 
the criterion spin. Accordingly, it appears that such an arrangement will 
be necessary to insure satisfactory recovery from demonstration spins. It 
is at the same time advised as a precautionary measure, however, that the 
pilot move the stick longitudinally .full back and laterally full against 
the spin when opening the parachutes. 

It was observed during the tests that the parachutes frequently did 
not completely clear the model when opened and thus were slow in opening 
or failed to open completely. In view of this. It is especially important 
that some means of positive ejection be employed on the airplane. 

The calculated full-scale steady— load and shock— load values for a 
16 -foot parachute with a drag coefficient of 0.7 will be 4130 pounds and. 
9500 pounds, respectively, based on reference 5 * for a flat spin with a 
relatively low rate of descent (182 ft/sec) . For the same parachute at 
one of the higher vertical velocities (274 ft/sec) recorded for a steady 
spin on the subject model, the full-scale calculated shock load Is 
19,000 pounds. Such loads may be excessive for the ordinary airplane 
structure and some special design may be necessary for the JFJU-l airplane 
to withstand such loads. 


Stability Flaps 

Chart 4 presents the results of tests with the stability flaps 
deflected. These results indicate that the stability flaps were not 
effective In charging the general spin and recovery characteristics, 
although the vertical velocities of spins with the stick deflected 
laterally with the spin were increased somewhat. 


landing Condition 

No tests were made with the landing gear extended inasmuch as current 
Navy specifications require airplanes in the landing condition to demon- 
strate satisfactory recovery characteristics only from 1 — turn spins. 
Spin-tunnel experience indicates that the effect of landing gear on a 
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spin is usually negligible. Comparison of current results with those 
of the model of the prototype airplane (reference 1), which had a fixed 
landing gear, shows little or no effect of this landing gear. 


Increase in Wing Loading, Changes in Mass Distribution, 
and Center— of— Gravity Movement 


In basic design the V— 173 aoi XF5U-1 airplanes are identical. Three 
loadings were tested on the prototype model, the heaviest being lighter 
than the normal loading tested on the 2F5U-1 model. The spin-recovery 
characteristics obtained far the heaviest of the three loadings tested on 
the prototype model (reference 1) closely resemble those obtained for the 
subject model. In the light of this it can be inferred that insofar as 
the dimensional revisions which distinguish the XFpU-1 from the prototype 
model failed to alter appreciably the spin and recovery characteristics 
previously obtained for the heaviest loading simulated on the prototype 
model, and the changes in weight and mass distribution tested on the 
prototype are sufficient to indicate the effect of these variations on 
the spin and recovery characteristics of the XF 511-1 airplane. 

For instance, analysis based on a comparison of the results for the 
three loadings tested on the prototype with those obtained for the load- 
ing tested on the XF5U-1 shows that increasing the weight tends to make 
the spin and recovery characteristics progressively poorer far any conr- 
stant mass distribution. From this analysis, it is concluded that the 
spin-recovery characteristics of the ZF5X1-1 airplane for any greater 
loading or any possible mass distributions will not be inproved over 
those described for the normal loading. As indicated in reference 1, 
moderate changes in centei>K)f— gravity location or mass distribution will 
not alter the general recovery characteristics. For all loadings, optimum 
recoveries will be obtained from spins by moving the stick longitudinally 
full back and laterally against the spin before fully and rapidly revers- 
ing the rudder. 


Tumbling Tests 


The results of tumbling tests in which the model was released with- 
out initial rotation from a nose-up position to simulate a whip stall 
condition are given in table VI, section (a). Wfth rudders neutral and 
stick laterally neutral, the model would not tumble for control con- 
figurations in which the stick was longitudinally back, neutral, or 
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forward . After executing several heavily damped pitching oscillations, 
the model trimmed each time in a nose— down gliding attitude. 

The results presented in section (b) of table VT for the same 
rudder and lateral stick positions indicated that, although nose-up 
(positive) and nose-down (negative) forced pitching rotation was imparted 
to the model, no susceptibility to tumbling was observed. Whether the 
stick was longitudinally back, neu trail, or forward, the model trimmed in a 
steep dive after exhibiting several heavily damped pitching oscillations. 


Pilot— Escape Teste 


The results of the pilot-escape tests revealed that it would be 
extremely hazardous to abandon the airplane in its present geometrical 
configuration for either the flat or steeper type spin. Whether the 
dummy pilot was released from the inboard or outboard side of the cockpit 
it almost invariably slipped forward into the plane of the propellers be- 
fore gaining sufficient height above the model to enable it to safely 
clear the propeller blades. Following this the dumny pilot usually 
tumbled to the outboard $ide, quitting the model entirely, in same cases, 
as far aft as the Juncture of the ai lavator and wing. Several, times 
during the flat spins, the dumny pilot appeared to be struck by the lead- 
ing edge of the ailavator on the outboard side in the spin. Just before 
passing over or under this surface. The vertical tails provided a similar 
source of risk in the steeper spins when on several occasions the dummy 
pilot struck one or the other before moving off the trailing edge of the 
model. These result? indicate that provision should be made far 
mechanically ejecting the pilot from the cockpit in such a way as to 
allow him sufficient height to clear the propeller blades. 


Tank and Bomb Jettison 


No tests were made to simulate the Jettisoning of fuel tanks, 
torpedos, or bombs while in a spin. It is estimated that torpedos, heavy 
bombs, and full fuel tanks when dropped in either the flat or steep type 
of spin will clear the airplane structure but may pass through the pro- 
peller arc. As previously indicated, however, the addition of these 
items will not greatly affect the spin and recovery characteristics and 
Jettisoning should not be necessary from a spin-recovery viewpoint. 
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CONCLUSIONS AND EECOMMENDATIONB 


Based on the results of tests of a scale model of the Chance 

16 

Taught XF 5 U -1 airplane, the following conclusions a n d recommendations are 
made regarding the spin and recovery characteristics for the airplane at 
an altitude of 15,000 feet* 

1. The recovery characteristics from fully developed erect and 
inverted spins with the airplane in its present design configuration will 
he unsatisfactory. 

2 . The optimum propeller— pitch setting for spins in which the pro- 
pellers are allowed to windmill is 3O 0 . 

3. The airplane should he prohibited frcm any intentional spinning. 

In the case of inadvertent spinning the following control technique far 
recovery should he. followed: 

(a) Erect spins .— Hold the stick full hack and laterally full against 

the spin; then reverse the rudder rapidly and completely. This control 
configuration should, he maintained until the spinning rotation has ceased; 
the stick should then he neutralized laterally and pushed forward of 
neutral to regain normal unstalled flight. If after 5 turns rotation has 
not stopped, hold rudder full against spin and push stick forward and 
laterally with spin. 

(h) Inverted suins .— Push the stick full forward and laterally in the 
same sense as the steady— spin rudder C controls together) Immediately upon 
entering spin. Ifce rudder should then he briskly reversed to full against 
the spin, 

4 . Increasing the up-ailavator deflection from 1 * 5 ° to 65 0 will result 
in greatly improved spin-recovery characteristics for spine with stick 
full hack and in any lateral position. 

5 . Dimensional revisions to the original design configuration which 
satisfactorily improved the spin and recovery characteristics of the 
model consisted of either* (l) a supplementary vertical tail 3^ inches 
by 59 inches, full-scale, attached to a boom 80 inches rearward of the 
trailing edge of the airplane in the plane of symmetry; or (2) a large 
semi span undersurface spoiler placed along the airplane quarter-chard 
line and opened on the outboard side in a spin; or (3) two additional 
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‘t vertical tails (end plates) of 6k inches "by 52 inches (full-scale) 

located at 'the tips of the ailavators. 

6. For demonstration spins satisfactory recoveries vill he obtained 
with a 13 . 3 — foot (full-scale) parachute attached by a 30 -foot (full- 
scale) towline to the arresting gear mast and opened simultaneously with 
an 8— foot, (full-scale) parachute attached by a short towline (3 feet, 
full-scale) or no towline to the outboard end (left tip in a right spin) 
of the wing at the quarter— chord line. It is further reconanended that 
the pilot hold the stick laterally against the spin and longitudinally 
back during release of the parachutes. 

7. Deflecting the stability flap will have no effect on the spin 
and recovery characteristics. 

8. The airplane vill not tumble. 

9. Pilot escape from the spinning airplane will be hazardous unless 
provision is made for mechanically ejecting the pilot from the cockpit. 
Care should be taken to insure that he vill safely clear the propeller 
blades when ejected. 


Langley Memorial Aeronautical laboratory * 

National Advisory Committee for Aeronautics 
9 Iangley Field, Va. 


Approved 


Thomas A. Harris 

Chief of Stability Research Division 


Richard P. White 
Aeronautical Engineer 
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TAHL8 Ip- DDmOIOttAL CHARACTKRISTIC3 OF THK CHAJWI VOUOHT ZF^D-l AHD 


Toucro-eixofiscf r-m airplamss 



1*50-1 

*-173 

length over all, ft 

38.13 

26.6* 

Humber of propellers 

2 

2 

Propellora, number of blade? (each) 

k 

2 

Propeller diene ter, ft 

16 

16.? 

ITorwal veight, lb 

16,867 

26.3 

*615 

formal center-of-grnvity location, percent c 

*2.5 

Vlng: 


23.33 at 25 percent chord 

Span, ft 

23.33 at 25 percent ahord 

Area, eg ft 

*27 

*27.52 

Section (constant) 

■ACA 0016 

IAQA 0016 

tear aerodynamic chord, in* 

238 

238 

leading-edge N.A.C. aft of leading edge of ving, in* 

10*02 

10.50 

Incidence, deg 

■ Sveepback at 25 peroent chard, deg 

0 

0 

0 

0 

Dihedral, deg 

0 

0 

Oeaoebrio aapect ratio (b /a) 

1.27 

1.27 

Horizontal tail? 


b6,0 (including 21 aq ft of fired stabilizer) 

Total area, sq ft 

*»8.o 

Root chord, in* 

52.0 

2V.9 (taken perpendicular to hinge line) 

Tip chord, in. 

26.0 

Hoot a action - 

MCA 0015 

HACA 0015 

Tip section 

Horizontal distance from normal center of gravity 

KACA 0009 . 

SAGA 0009 

to alienator hinge line, ft 

11. *5 

10, 1 2 at root chord 

Tertical toilet 

i 

26*3 

Total area, sq ft 

2 B.*2 

Rudder area rcarvard of hinge line, eq ft 
Horizontal distance from normal center of gravity 

11.ee ; 

13.2 

to top of rudder hinge line, ft 

12. 53, % ! 

15.0 

Fin off? et from airplane center line, deg 

2 outboard (each) 

0 
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Bo. Loading 


TABLE XI,- MASS CHABACHKISIPICS AMD IHERTIA PAHA*HB8 
TOR LOWJIMJS POSSIBLE 05f THE CHABOE YCWfflT IF?tWL AHOTAMC 

ahd ye® ms loaded bejod m rat — -roxa hodkl 

16 

Qfoael Tnliiaa ar* pr-OBontcd la tom of full-»oals Talnae, Bneata of Inertia are about center of grerltjJ 


*S 




lonaal 

16,867 

0.36S 

fextxna innreaae 

13,690 

•237 

Kaxlwm decreaoo 
»b* 

10,988 

•25<S 

Center of grerity 
acred rearward 

16,537 

,267 

Canter of gfarltj 

apred farvttrd 

16,888 

-231 

Orerload fight or 

18 , 98 a 


Light grow weight, 

1K,3&.9 

.Sill 

Vnajma trioal 
orerload fighter 

17, 969.k 

.259 


u 

a on 
lOTOl 

teit 

altitude 

h 

(alng- 

ft®) 

Airplane relae* 

22.10 

35.15 

17,783 

17.93 

20.52 

17,571 

£*.09 

39.60 

18,731 

21.69 

3*1.50 

17.76* 

21.87 

33.B3 

16,330 

2* .09 

39.60 

10,731 

19.55 

31.0B 

17,6*1 

2*«*5 

38.06 

10,279 

Model 



22.0? 

35.06 

18,896 


ci- *5? ^ 

ft?) tor ab e 


135 


is -lx 



*?5 v u r * 1 
588 


.* 8 * 


5*3 xio-k 
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WBUE m.- btkct w ransm maxihcm aid urnnwDXAW uwulatator imrcrcoB ombi an* «d mcotot cbaraotsistics 

cr THE Jjjx- SCALE MODEL OF THE CHAVCS YOOOHT IF50-1 ATKPLAHE 
Rudders nalntalnod vith spin 


8 tick position 

Direction of 

Results 

Remarks 

longitudinal Lateral 

** launching rotation 




Stick longitudinally full back, ailaratore up 
Stick longitudinally e/3 back, ailaTators up 


Pull back 

Pull against 

Left 

i 

Vo spin 

mi back 

Pull vlth 

Left 

Vo spin 

mi back 

Meutral 

Left 

Vo spin 

•| back 


Left 

i 

Vo spin 


si turns after launching rotation, stopped, 

2 model in steep glide 

t 3 to 8 turns after launching rotation stopped, 
* model in steep glide 

l| and 3 ^ turns after launching station 

stopped, nodal in steep glide 

i to 3 x after launching rotation stopped, 

3 2 model in eteep glide 


Stick longitudinally full tack, ailarators 83 ° up 
Stick longitudinally 2/3 back, atlavatora 5^ up 


Full baok 

Pull against 

'Left 

Vo spin 

mi back 

Pull vlth 

Loft 


mi baok 

Neutral 

Loft 

Vo spin 

| back 

i against 

Left 

So spin 


3 turns after launching rotation stopped 
model In steep dive 

large radioue spin (V - 27 * ft/sec, full-scale) 

h to £ turns after launching, rotation 
2 stopped, model in steep dire 

3 to b turns after launching, rotation 
stopped, model in steep dive 
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TASLI IT.- KJ7TCT £T ntmT IOKU. REnSIiBS OH TH2T S2IH AMD HBCOTSPT OBtRACISaiSTICS OS TET XFSB-1 HCMt 

l|ormal l oa d in g; dOcfcpIt closed; l a nd fn g gear retracted; jmopeller* off; *tabllit/ fla;« neutral; norml control 
deflections; recovery attempt ed cnly where iod looted by rapid full rudder rereraol} 



Jfcdel c cod It Ion 

XTpe of 
stick. 

apln and recon 

r*ry fee lateral 
Lea ted 


I fc. 

Be?'* Lea or combination 
of revision* 

S hero 
on 

figure 

Location 
on rod el 



iMl 

Fall 

against 

l/* againat 
% 

1/3 with 

Full 

vith 

Remark* 

k 


Section 1 — 


a&tlafactorlly eliminate the flat apln [ 

1 

Teatr*l fin 1 added 
Tentral fin 1 added 

| 

Plane of 
• 7 »e try 

— do — 

Heutral 
Full tack 

0 



>2j> 6 

Spin obtained similar 
to that of aoreTleed 
model (chart 1) 


Ventral fin 1 added 

I 

— —do 

2/3 back 


Vo *pia 

So epin 



2 

Tentral fin 2 added 

B 

- -do 

fcmtrhl 

- 




Bo. 

7 

Tort leal fin 1 added 

10 

Fin 

location 1 
(«g. Ik) 

- - do- - 

Flat spin 




Dc. 

k 

Vertical fine 2 added 

.10 

- -do - - 

- -do— — - 

do - - 




Bo. 


Vertical fin* ? added 

10 

- -do-- 

--do-- 

— do 




Do. 


Vertical fin* k added 

10 

—do 

— do - - 

—do- - 




, Do. 


Vertical fina 5 added 

10 

-do-- 

--do 

— do- - 




Do. 


Vortical fina 6 added 

10 

- - do - — 

--do — 

--do 




Do. 


Spoil®: 1 ; Tertical 
fine 2 (fin location 1) 

u 

IFppe* 
surface 
5/k lino 

.-do-- 

- -do - - 




Do. 

10 

Spoiler 2 

11 

Lover 
surface 
c/k line 

do - 

- -da - - 




Do. 

11 

Spoiler 1 

11 

Lower 
nor face 
cA line, 
outboard 

•lde 

— do - - 

--do 




Do. 

12 

longitudinal fence 1 

12 

Fenr e a 
along £ 
thru at of 

each 

propeller 

- -do 

- -do - ■+- 




Do. 

13 

Longitudinal fence* 
1 and 2 

12 

- -do- - 

- do - - 

— do 




Do. 

Ik 

Longitudinal fence* 

5 and 2j vertical 
fin 5 (fin location 1) 

12 

- -do-- 

--do— 

—do— 1 




Do. 

15 

Alieva tar spoilers; 
vertical fin* * (fin 
location l) 

13 

i 

Spoiler* 
along q, 
ailarator 
hinge line i 
upper 
surface 

- —do- — 

— do — 

i 

| 



Do. 

16 

Slotted ailarator*, 

alat* 1 

13 

i 

edge of 
allaTator* 

--do-- 

- -do- - 

1 



Do. 

17 

Slotted ailamt*®*, 

alats 2 

13 

1 

ue , 

- -do 

--do-- 




Do. 

18 

Tertical fin 
original Tertical 
tail* rearved 

10 . 

Tin. j 

location 2 , 

(fig. Ik) 

- - do. 

- -do-- 

! 

i 



Do 

19 

--Ao-_ 

10 

fin 

location 3, 
(fig. lM | 

- -do 

--do- - 

i 



Bo. 

20 

Dorsal fin 1? verti- 
cal fin* 7 (ftn loca- 
tion l). original 
vertical tails 
removed 
* 

lk 

Boreal 
fin la 
plane of 
eya^etry 

- -do- - 

(a) flat 
•pin 

(b) steep 

•pirn 




Twc type* of cpln* 
obtained (a) flat 
■pl§ similar to 
that of unr* vised 
model (chart 1) and 
(b) ateep spin with 
a rate of descent 
> 30 h ft/cec 
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TAflUC IT.- JEFTBCT OT DDdSIcaWi JaC?ISI£*S CM TSS 3 PH AHD KECOTJST CHAMCDDCEFTICS OT TH5 IT50-I HCHjXL - Conclu* *4 

(loarml loading; oockplt cloaudj Undin g g*cr ratraotad; jropallara off; atalility flap* naiitral; narml ccfltrol 
daflaetio CMt recormrj att«*ptad coir whar* Indicated toy rapid full rnddar rararaalj 































ft# ft* 

ft ft ft ft, 
9 *0 
• ft 


l 

* • 
• • • ft 


• • ftft 


TAHB 7.~ 8OT-HEC07KHT PARACHUTE DATA OBTAUIED WITH A -i-SCAIi HOCSL OF THE CHANGE TOOOET XF5B-1 AIREUHE 

l 6 . 


(a) ARRAHCEBirr CCWBISrOR Of QBE PARACHUTE) TWLXKE. ATTACHED TO THE ARRESTING C*AB MAST 

9x7 attempted by oponli 
booIo values are given] 


[wormel Loading) landing gear retracted) stability flaps neutral) propellers off) recovery attempted by opening paraobute while 
u rudders were maintained with the spin; model values converted to corresponding full-eoal 


1 

Parachute 

Tovline 

length 

(rt) 


Stick position 

Tort leal 

velocity 

Turns far recovery 

fl TovlIno trailing 
anglee neasured frost 
thrust llzte 

1 

(ft) 


Longitudinal 

Lateral 

(ft/eec] 

A 2 

(deg) 

B e 

(dog) 

n 

13.3 

30 


8/3 back 

l/3 right 

20? 

si 4 
2 ’ ^ 

h8 to 61 

19 to 3h 


13.3 

30 


Ifoutral 

Full right 


m 

1 



3 

13.3 

30 

V 

Full for- 
ward 

Beutral 


>3 



D 

13.3 

30 


2/3 bank 

1/3 left 

> 3 <* 

2, 2 

6 to 31 

12 to 28 

H 

13.3 

30 


2/3 back 

l/3 right 

fltt 

1> 3 § * 

2 i to 39 

6 to 12 

Q 

16 

30 


2/3 back 

1/3 right 

210 

2, 2, 2 

79 to 103 

hi to 69 

a 

16 

30 


Heutral 

Full right 

1B8 

S f“ 

111 to 119 

27 to ~lh 

1 

6 

16 

23 


Heutral 

Full right 

A 

M 



9 

16 

15 

* | 

Neutral 

FPU right 


H 



10 

16 

30 


Full back 

Full left 


>7 


* 

11 

16 

15 


Full bank 

Full left 


>3 



12 

16 

30 


2/3 back 

1/3 left 

206 

^ * 4 • 3 ' >u i 

51 to 81 

7 to -35 


Angles waBirred an noted on figure 15 , 




/ 


NACA RM No. L7I23 














m 


. *** * 


•• 

• • 




• * ♦ 

• • 
• • * 
•••• 


/ 1 

• •M 


TABUS V.- SPIH-KECCVKPT PARACH OTK DATA OBTAINED WITH A -jg-SCAlE MODEL Off IRE CHARGE TCTOTP IF5U-1 AIKPLAHK - Coat toed 


(a) AERARGKMKRT COfSISTXRa <F CHE PARACHUTE; TCWLIHI ATTACHED TO THE ARRESTHKr CSAR MAST - Concluded 


[flornal Loading; landing gear retracted; stability flaps neutral; propellers off; re o ovary attempted by opening parachute while 
U rudders were maintained with the spin; model values converted to corresponding full-scale values are given] 


1 

Parachute 

diameter 

(n) 

Towlirw 

length 

(ft) 


Stick position 

Vertical 

velocity 

(ft/eec) 

Turns far recovery 

a Towlto trailing 
angles measured from 
thrust line 


Lateral 

mam 

B 2 

(*®s) 

13 

1 6 

30 


2/3 hack 

1/3 right 

Skk 

** 

29 to 83 

If to 23 

It 

16 

30 


Reutral 

Full right 

193 

% % X s 




20 

30 


Heutral 

Full right 

193 

*, . 

93 to 104 

-6 to 19 

1 6 

20 

1 

■ 15 


Heutral 

Full right 

193 

3, It, Jt 

78 to 84 

-5 to a 8 


^Angles measured as noted on figure 15* 

^Recovery attempted hy releasing parachute and simultaneously moving al levator o r to stick 
position* stick togitudinally back and laterally against spin. 
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puna y^-aPJMSC07KBT flARACHDTE DATA O 033 AIIED WITH A -jg -SCALE wncr. or THE CMC! TW©Hr XFJB-l AJRELAKE - Concluded 


(b) ABRABOatWBTT CddBECK- CtT WO EABACHDUB; TOWLH1 QT OIE ATTACKED TO THE OOTBQABD HD Of WE AIBHAEE 

qoabwr chcbd lue, or othkb, to we ahrxstto gear 


(iqrml loading; landing gear rrtraetedj stability fUi» neutralj propeller* off; recovery attempted by opening both parachute* eijtiltwleouilj vith 
U the rudder* saintainod full vith ti*e op in; model values oowerted to wrreapooding fnll-eoale Ttdnei are given] 


lfo. 
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of par*- 
chute at- 
tached to 
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of para- 
chute at- 
taohftd to 
end of 
cA line 
(ft) 

— 

Tovline 
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(ft) 

Stick position 

Vertical 

velocity 

(ft/eea) 

Turns for recarary 

°Tovlino trailing angle ■ ■ensured from 
threat line of the model 

LongitMlnal 

lateral 


parachute 

Aft parachute l 

*l 

(<J«s) 

*1 

(e^g) 

*2 

(deg) 

y 
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H 

6.9 

30 
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— 

2/3 lack 
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** 
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, 
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H 
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1/3 fight 
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33 to 63 
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26 to 8 ^ 

0 to 29 

3 

IX. 7 

36 

Q 

H 

2/3 tad 

1/3 right 

PI A 

si, 3, 3, 3i 

27 to h6 


35 to 79 

0 to 21 

k 

11.7 

30 

10.6 
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1/3 right 

221 






5 

13-3 

30 

6.9 

n 

2/3 tack 1 

1/3 right 

216 

4 i + * 

6* 

20 

51 to 6b 

15 to 30 

6 

13.3 

30 

6.9 

0 

2/3 taok 

1/3 left 


*?>? 

51 to 56 

20 

0 to 26 

36 to ho 

7 

13v3 

30; 

B.b ‘ 

0 

2/3 tad 

1/3 right 
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‘-■J 

31 


W 7 to 50 

10 to 33 

8 

13*3 

30 

e.o 

3 

2/3 tack 

1/3 right 
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li, li 
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W to 50 

2 to A 

36 to 58 

2 to 20 


13*3 

30 

S.o 

3- 

2/3, tad 

1/3 laft 

216 

»•** 

J 

31 to 3* 

8 to 20 

3 U to 76 

12 to 2h 

El 

13.3 

'30 1 

8»o 

3 

2/3 tad 

l/3 right J 


Jr 1 
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5 

13.3 

30 

e.o 

3 

fcutr*l 

full right j 
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h8 to 66 

20 to 52 

26 to 09 

0 to 8 

9 

1 

13.3 

30 

U.a 

0 

2/3 tad 

1/3 right 

227 

1, ij, a 

63 

2) 

38 to 60 

20 to 32 


a 

Angles measured ao noted on figure 1% 
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Fall hack 


Bats yjv tunbluw tress or a --scale nodk. or saa chuke yooost ittsd-i axrplase 

16 

|Ito4el MOeaied In a ntw»-np attitude elflulatln* a whip* tall. HarepJ. loading, 
landing gear retraotodj pr ope 11 ere off] 


R Icngltudlnal 
stick position 

Lateral 

stick position 

Kudder 

setting 

Tunnel airspeed at which nodel 
was launched into tunnel 
(full scale, fps) 

Behavior of nodel after being 
launched 


Without initial rotation 



Neutral 


Neutral 


Model node several heavily leaped 
positive and negative pitching 
osoillatloofl and then trlvaad In 
stoop glide 


Heutral 
full forward 

Full book 
Neutral 


-do 


do — 


do 1 do . 


Ieutral 


With forced Initial rotation 

fa) Direction of forced Initial rotation, positive (nose up) 
Neutral 188 


Ifodel node aeveral heavily damped 
positive and negative pitching 
oool llatlons and than trlaaad In 
steep glide 

Model node several heavily damped 
negative pitching oeo illations and 
then trteaed In steep glide 


Full forward 


—dO — 


do 


Full back 


Full forward 


fh) Direction of farced Initial rotation, negative (nose dawn) 


Neutral 


Neutral 


do- 


Model node several heavily dsftped 
positive and negative pitching 
os cl Uiitlom and then triced In a, 
ateep glide 

Model nods several heavily dasped 
negative pitching oscillation* then 
trlsaed in a atcep glide 


formal wartnun longitudinal control deflections voed. 
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CHART 1 .- 8PU) ADD RMOYEHI 0 HARACTE& 1 ST 108 OT TBJC Jv-MALE MODEL Of TfflC ORiJWE YQUOHT XI^O-l AIHPLAME U 4 THE *OWUL TIOT TER 

10 LOAD 1*0 

[Loading 1 on table IX and figure 7; propellers off; stability flaps neutral; landing gear retracted; oookplt oloied; nomel control 
deflections; recovery attempted by rapid full rudder rarer sal except as otherwise Indicated (recovery attempted froa, and iteady- 
ipln data presented for, rudder-full-wlth spina); erect spine; dlreotjlon of spin ae lndloated] 
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Ailerons Two types of spin *5 
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Right spins 
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spin 



1/3 against ^ 


H era tor 
2/3 up 
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Sh 

.53 
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o. 7 « 

QO 


Ailerons 
full against 


(Stick: left) 


61 

B 9 

LOU 

15 D 

166 

0.52 

DO 


J 


•Oscillatory spin, range of rallies or average value glren, 
jReoarery attempted before model reached ite final steep attitude, 

°Reoovery attempted by reraraal of rudders to 2/3 against the spin, 

^Recovery attempted by simultaneous reversal of rudder to full against the spin. 

and of stick to longitudinal ly full back and' laterally full against the split » 
°Bnoovery attempted by alaultaneoua raveraal of rudders to full against spin 
and of atlok to longitudinally forward and laterally full with tht spin. 
^Recovery attempted by alma 1 tan sous reversal of rudders to full against spin 
and of stick to longitudinally full back. 


Tiro typos of spin 
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Ailerons full with 


(stick right) 
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^Visual eetlaats. 
elda radian epln. 


Modal valuo 
converted to 
corresponding 
full- ao ale values , 
U innar wing UP 
D Inner wing down 


«• 
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(deg) 
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(fps) 

(rpe) 

Turns for 
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CHART 2.- SPIN AN? RECOVERY CHARACTERISTICS OF THE SCALE MODEL OF THE CHANCE 
V OUGHT XF5U-1 AIRPLANE, PROPELLERS INSTALLED - PROPELLER PITCH * JO° 

{Normal fighter loading (loading 1“ on table IX and figure 7); stability flaps neutral; landing 
gear retraoted; cockpit closed; normal control deflections; recovery attempted by rapid full 
* teS T ? r8 *^ X5° ep ^ltfi ^dioat|d (je^ T ®ry attempted from, and steady-spin data 


Two conditions possible 




No spin 2*1 O .33 Ailerons 

— b vlth 

>6 Elevator 

2/3 up 




Ailerons full against 


(Stick right) 


Ailerons full with 


(Stick left) 
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Oscillatory spin, range of values or average 
. value given. 

Recovery attempted by moving rudder to 2/3 
against spin. 


Model values 
converted to 
corresponding 
full-scale values. 
U Inner wing up 
D inner wing down 


(deg) (deg) 

V “ 

tfpsi ( rps 

Turns for 
recovery 
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CHART 3.- INVERTED 3PIH AND RICO VERT CHARACTERISTICS OP THE JL-SCALI MODEL CP THE 
CHARGE VOtJGHT XP5&-1 AIR? LAME 

[Normal fighter loading (loading 1 on table II and figure 7); propellers off; liability flap* 
neutral; landing gear retracted; cockpit doted ; normal control deflections; recovery 
attenptedT by rapid full rudder reversal (right rudder pedal forward during steady spin, 
left rudder pedal forward for reoorery); rotation to pilot 1 a right/ 


3 



250 p.5« 


b b 

> 3 - >5 


Stiok full right 
(Controls together) 


19 k b.fel 


Stiok, full left 
(Controls crossed') 
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Oscillatory spin, range of values or average 
value given, 
visual estimate. 


Model values 
convertea to 
corresponding 
full-scale values. 
U inner wing up 
D inner wing down 


(deg ( (deg } 


(fpsJ (rps) 

Turns for 
recovery 
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CHART H..- SPIN AND RECOVERY OHARACTHUSTIGS OF THE Jg-SGALE MODEL Or THE CHANCE 700 GET 
XT50-1 AIRPLANE WITH STABILITY FLAPS DEFLECTED 25° DOWN 
jjtoraal fighter loading (loading 1 on table II and figure 7); propeller* off; landing gear 
retracted;' cookplt closed; normal control defleotlona; recovery attempted by rapid full 
rudder reversal exoept as otherwise Indicated {recovery attempted from, and steady-spin 
.data presented for, rudder-vlth spins); right ereot epln^ 
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•Reoovery attempted by moving rudder* to 
2/3 against spin. 

^Osolllatory spin, range of value* or average 
value given. 

°Very wandering spin. 

^Vary steep spin. 

•Model reoovera In steep dive. 


Koael values 
converted to 
corresponding 
full-scale values. 
L inner wing up 
D inner wing down 


tdegi 

(deg ) 
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( fps J 

f rps 1 

Turns for 
recovery 
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F/gure l.-Thrse-v/ew draw/ng of the f 6 -Sca/e. mode/ of f he Chance 
Voughf Xr 5U-/ afrpfone as fee fed /n fhe free-sp/onfng fc/nnef. 
Center of gratify shown for the nor/naf f/ghfer foad/ng. 
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(b) Without propellers. 


Figure 2.- Photograph of the ~ - scale model of the Chance Vought XF5U-1 

16 

airplane as tested. 
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(a) Model spinning freely, propellers removed. 
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(b) Model spinning on suspension apparatus, propellers installed. 
Figure. 4,- The -i- scale model of the Chance Vought XF5U-1 airplane 

in the normal -loading clean condition in the Langley 20-foot free- 
spinning tunnel. • 

s*- ::w -j- 











I 



o 

> 


RM No. L7I23 


l Z~ ] X RELATIVE MA55 DISTRIBUTION 
mb 2 INCREASED ALONG FUSELAGE^ 


.• . .. 

* • • 

• • • 
• • 


r • • • 


NACA RM No. L7I23 




it im 


©Airplane values, xfsu-j 
s Model values, xfsu-i 

O V" 1 73 A IRPLAN E VALUES 


7*80 ©5 
^©6 I y 


7 7 °°/ 

W^i/ 


HHH 


X)* -600 -800 -lOOOxlO' 4 

Relative mass distribution 


ri!D , INCREASED ALONG THE WINGS 

Figure 7- mass parameters for loadings possible on the 
XF5U~1 airplane and for the loading tested on the 
XF5U-1 model and for possible ‘V-i 73 airplane loadings 
simulated in tests with THE V-173 MODEL. (XF5U-1 
loadings are listed in table nr). 
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Figure 9.- Ventral fins and supplementary tails located In the plane of 
symmetry as tested on the scale model of the XF5U-1 airplane. 
Dimensions are full scale. 
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P lan view of ailavators and rearward portion of XF5U-1 airplane 


- Vertical fin r Allavator 
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Figure 11.- F ull -span upper -surface and full -span and semispan under -surface 
spoilers located along airplane quarter “Chord line as tested on —r - scale 
model of the XF5U-1 airplane. Dimensions are full scale. 
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Figure 12.- Upper- and lower-surface longitudinal fences tested on the 
yg" - scale model of the XF5U-1 airplane. Dimensions are full scale. 













